Abstract Hemophagocytosis shows engulfment of hematopoietic cells by histiocytes and is a property generally associated with cells of the histiocytic lineage. It can be familial or is seen in a wide spectrum of acquired disorders. Hemophagocytosis by leukemic blasts is an uncommon phenomenon and has been reported mainly in acute myeloid leukemia. Its association with acute lymphoblastic leukemia is rare. We present a case of hemophagocytosis by blasts in the bone marrow in a 11 year old boy with T cell-acute lymphoblastic leukemia.
Introduction
Hemophagocytic syndrome is a disorder of the mononuclear phagocytic system, characterized by benign, generalized histiocytic proliferation with marked hemophagocytosis in the bone marrow. There is engulfment of hematopoietic cells by activated macrophages acting outside of usual immune system regulations. Hemophagocytosis can be familial or acquired. Common acquired causes associated with this syndrome are infections, autoimmune disorders, malignancies and metabolic disorders. In most cases, the histiocytes engulf hematopoietic cells [1] . However, hemophagocytosis by leukemic blasts is an uncommon phenomenon and has been reported in patients with acute myeloid leukemia (AML) especially acute megakaryoblastic leukemia [2] . Its occurrence in lymphoblastic leukemic blasts is rare [3] .
We present a patient with T cell acute lymphoblastic leukemia (ALL) with hemophagocytosis by blasts in the bone marrow.
Case History
An 11 years old boy presented with multiple nodular swellings in the neck and fatigue since 1 month. He had no history of fever or bleeding from any site. On examination, he had mild pallor with bilateral cervical, axillary and inguinal lymphadenopathy. There was no icterus. Liver was palpable 5 cm below the right costal margin and spleen, 4 cm below the left costal margin.
Investigations showed hemoglobin of 7.3 gm/dL, total leucocyte count-1,24,000/cu mm and platelet count-24,000/cu mm. Differential leucocyte count on peripheral blood showed blasts-90 %, metamyelocytes-02 %, neutrophils-01 %, lymphocytes-07 % and 3 erythroblasts per 100 WBC. The blasts were of size 14-20 microns with high nucleo-cytoplasmic ratio, immature chromatin, regular nuclear margin and 1-2 conspicuous nucleoli. The cytoplasm was scanty with no granules or Auer rods. No hemophagocytosis was seen in the peripheral smear.
Bone marrow aspirate showed hypercellular marrow with blasts-88 %, lymphocytes-3 % and nucleated red blood cells-9 %. All three hemopoietic lineages were depressed.
The morphology of blasts was similar to that seen in the peripheral blood smear, except that prominent hemophagocytosis (1 in 5 oil immersion fields) was seen. The blasts were seen to engulf mainly erythroblasts (Fig. 1a , b, c). Rare blasts showed neutrophilic phagocytosis (Fig. 1d ).
Myeloperoxidase and periodic acid Schiff stains were negative. Immunophenotyping by flow cytometry showed strong positivity for CD34 (95.4 %) and CD45 (96.0 %) along with positivity for T cell markers, CD7 (94.5 %) and CD3 (54.1 %). CD5 (22.5 %) was weakly positive. Monocytic marker, CD14 was negative (4.8 %). Aberrant positivity for myeloid marker, CD33 (87.9 %) was also seen. Cytogenetic study was not done.
Biochemical investigations showed blood urea-29 mg/ dL, serum creatinine-0.4 mg/dL, hyponatremia (Na-123 meq/L) and hypokalemia (K-2.2 meq/L). Lactate dehydrogenase levels were raised-4990 U/L. Ferritin and triglyceride levels were not done. Chest X-ray showed right sided mediastinal mass. A diagnosis of T cell ALL with aberrant expression of CD33 and hemophagocytosis by blasts was made.
The patient was initiated on BFM ALL protocol. However, he had underlying infection with mucormycosis of the neck at the site of lymph node biopsy done from elsewhere which progressed in-spite of antifungal therapy and he subsequently succumbed to systemic bacterial infection.
Discussion
Hemophagocytic lymphohistiocytosis (hemophagocytic syndrome) is a condition of immune dysregulation characterized by severe organ damage induced by a hyperinflammatory response and uncontrolled T cell and macrophage activation. It has been traditionally divided into a primary/genetic form, which typically manifests in children with genetic abnormalities of the cytotoxic function of NK cells and T cells, and a secondary/acquired form that tends to occur at older ages in the setting of associated infections, autoimmune/rheumatologic, malignant, or metabolic conditions, without an identifiable genetic abnormality [1] . Two histiocytes demonstrating phagocytosis of erythrocytes, lymphocytes, neutrophils, platelets or nuclear debris should be present in each slide for certainty of diagnosis. The phagocytosis is associated with proliferation of benign histiocytes [3] .
Hemophagocytosis by leukemic blasts is an uncommon phenomenon and has been described in AML [2, 4, 5] , ALL [6, 7] , chronic myelogenous leukemia (CML) in blast crisis [8] and myelodysplastic syndrome (MDS) [9] .
Imashuku et al. in their study on 7 cases hypothesized that hemophagocytosis by leukemic blasts is a common and characteristic morphological finding in AML with specific chromosome aberration of t(16;21)(p11;q22). All patients in their study had a relatively young age and poor prognosis [4] . In another study of 5 cases of AML showing hemophagocytosis by myeloid blasts, t(16;21)(p11;q22) was found. Four of these patients had acute megakaryoblastic leukemia [2] .
The specificity of hemophagocytosis by leukemic blasts has been controversial and the exact pathogenesis of this phenomenon is not known. However, Shikami et al. in their study on cellular characteristics in AML with t(16;21)(p11;q22) have reported that AML blasts with t(16;21) continue to express a number of stem cell markers such as CD34 and c-kit which permit differentiation into monocytic lineage and hence enabling the cells to have phagocytic activity [10] . Morphologically, hemophagocytic blasts with t(16;21) show single or multiple cytoplasmic vacuoles some of which are filled with homodense, creamy material. In addition, honeycomb like vacuoles with phagosomes have also been reported [4] . Two other cases of AML with complex cytogenetic abnormality showing hemophagocytosis have been described by Coulthard et al. These patients had inv(8)(p11q13) [5] .
Hemophagocytosis by lymphoid blasts is rare and very few cases have been reported [3] . Foadi et al. noted hemophagocytosis by lymphoblasts in four patients with ALL relapse. They attributed the unusually aggressive behavior of the disease in these patients to the emergence of cells with phagocytic properties [6] . Lymphoblasts showing hemophagocytosis has also been reported in a 3 years old boy with B lymphoblastic leukemia with t(12;21)(p13;q22); TEL-AML1 (ETV6-RUNX1) [7] .
Patients in whom hemophagocytosis by myeloid blasts has been reported showed complex cytogenetic abnormalities [2, 4, 5,] , poor response to therapy [5] and poor prognosis [8] . No reports of hemophagocytosis by T lymphoblasts were found on a detailed literature search. However, Histiocytosis/HLH has been reported in patients with T-ALL [11] [12] [13] although the leukemic blasts showed no engulfment of hematopoietic cells.
Since hemophagocytosis is mainly associated with myeloblasts, its association with lymphoid blasts in our patient could be explained by the aberrant myeloid expression found on immunophenotyping.
Conclusion
Hemophagocytosis by leukemic blasts is a rare phenomenon mostly associated with myeloid blasts. Its association with T cell ALL is extremely rare and could possibly have implications in adversely affecting prognosis.
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